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Previous analyses of the driving-point impedance of a small loop in an insulating radome 
immersed in a conducting medium are extended to include the effect of a permeable core 
loading the loop. It is shown that the effective area of the loop is increased by a gain factor 
previously derived for the loaded loop in free space. The effects of the conducting medium 
in this factor are negligible. 



1. Introduction 

The insulated electric loop antenna located in a 
dissipative medium was first analyzed by Wait [1952] 
who approximated the loop by an infinitesimal 
magnetic dipole located at the center of a spherical 
radome. Later, Wait [1957] reinvestigated this 
problem showing that, if the radius of the insulating 
radome is small compared with a skin depth in the 
dissipative medium, then essentially the same results 
are obtained for a finite sized loop in the radome. 
In this paper the problem of a small loop in an in- 
sulating radome is reinvestigated to determine the 
effects caused by loading the loop with a permeable 
material. 



1 This work was sponsored under Contract Nonr 2798(01) (FBM). 
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Figupe 1. Loaded loop antenna in a spherical insulating 
cavity. 

The surrounding dissipative medium is infinite in extent. 



The spherical coordinates (r, 6, </>) are used. 
The insulating sphere has a radius v—a which is 
small compared to a skin depth in the dissipative 
medium. The loop is in the d=w/2 plane and has a 
radius b < a. The current in the loop is assumed to be 
uniform. The permeable core is spherical with a 
radius c<b. The relative permeability of the core is 
designated by /z r =ju//x . (See fig. 1.) 



2. Formal Solution 

A method of analysis is used which is parallel to 
that used by Wait [1957]. This problem has polar 
symmetry and may be described by the scalar poten- 
tial A such that 
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(Asm 6), 



He= — ^r(rA). 
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The other field components are zero. 

Since the loop is small and is assumed to have a 
uniform current distribution, the primary field of the 
loop is given by [Wait, 1957]: 
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The following potentials are introduced to take into 
account the effects of the permeable core and the 
dissipative medium. When a<r<°° , 



2 £=[n(n+l) k n (ya) 



(3) 



where y= (jwjlkt+w 2 /z«) 1/2 , the sea water parameters, and 
where Jc n (z) is a spherical Hankel function defined by 
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When c<r<a, 
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When 0<r<c, 
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The continuity of E vi and of He, is required when 
r=a and r=c. Application of these boundary condi- 
tions determines the coefficients in (3), (5b and 5c), 
and (6) : 
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Where, 
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3. Discussion of Results 

The electric field in the dissipative medium can 
be written by combining (1), (3), and (7c). The first 
term in the resultant series represents the contribu- 
tion of the effective magnetic dipole source of the 
antenna under discussion. The other terms in the 
series represent the contribution of higher order 
multipoles which are either zero or small. Thus, the 
equivalent magnetic dipole moment is computed to 
be 

=s'a+*>{ 1+ [i- 2 <)]^ + ...}. 

(8) 

where S=irb 2 , the area of the loop. Neglecting terms 
of the order of (ya) 2 and higher, it is observed that the 
effective area of the loop is increased by the factor 
(1+Kt). When c=b it is observed that (1+KJ is 
the same as the gain factor computed by Wait [1953] 
for the receiving antenna. This, of course, is con- 
sistent with the reciprocity theorem. It is also of 
interest to note that K\ decreases as (c/b) 3 . This 
indicates the desirability of having the loop wound 
tightly on the core. 

The driving-point impedance of the antenna is 
computed using 



Z= 
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where r=b and 0=7r/2. Thus, 
Z=Z +AZ 

where Z is the driving-point impedance of the un- 
loaded loop in free space, and 



Using (5b and 5c), 

When \ya\<^<Cl then it can be shown that 
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Then using the approximation that 1/(1— z) = l+z 
if \z\ is small, and neglecting terms of the order of 
SI because they contribute a negligible part to the 
reactance of AZ, (9) becomes 

AZ = jcW ± ^^T [S n (l+K n y+K n ], 
n=i n(n-\-i) 
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Further, 



AR=- 
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The expression Z +jAX represents the inductive 
reactance of the loaded loop in free space. The 
term AR represents the effect of the dissipative 
medium external to the insulating sphere. Ne- 
glecting terms of (6/a) 4 and higher because they are 
small, it is observed that the effective area of the 
loop is again multiplied by the factor (1+lfi). This 
result is consistent with (8) . 

It is remarked that when the permeable material 
is removed then K n =0. If one notes that the factor 
[P^(0)] 2 was inadvertently left out of Wait's ex- 
pression, then the expression for AR given here 
reduces to the expression for AZ given by Wait 
[1957, eq (15)]. 



It is concluded that the effective area of a small 
loop in an insulating radome is increased by the 
factor (l+i^i) when the loop is loaded with a 
spherical permeable material. The external dissipa- 
tive medium does not modify this result to any 
practical extent because the magnetic properties of 
the insulation and the dissipative medium are the 
same. 
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